
REp ORT resumes 

ED 010 600 24 

THE RELATIONSHIP OF CREATIVE THINKING TO COLLEGE SUCCESS. 

By- DOWD, ROBERT J. 

REPORT NUMBER 3R-5-8202 pyB DATE 66 

REPORT NUMBER CRP-S-329 

EDRS PRICE MF-$0 .27 HC-$5.36 134P. 

DESCRIPTORS- *PSYCHOMETRICS, PSYCHOLOGICAL TESTS, STATISTICAL 
OATA t PSYCHOEDllCA TlOWAL P^OrrccFc. skMrA encrur^ / TCruMinnrr 

— v -p ,.wr> vvnwill*' ^ I lh>VHM« ww I 

♦TEST SELECTION, THOUGHT PROCESSES, ♦CREATIVE THINKING, 
♦APTITUDE TESTS, NEW HAVEN, CONNECTICUT 

DIVERGENT THINKING 7ESTS, WHICH MEASURE T tf? ABILITY TO 
PRODUCE DIVERSE RESPONSES TO PROBLEMS THAT HAVE NO SINGLE 
ANSWER, AND CONVENTIONAL TESTS OF CONVERGENT THINKING WERE 
COMPARED TO DETERMINE IF THE TWO TYPES OF TESTS REPRESENTED 
MORE THAN ONE DOMAIN OF PSYCHOLOGICAL APTITUDE. ALL STUDENTS 
IN A GENERAL PSYCHOLOGY COURSE WERE TESTED, AND COMPLETE 
RECORDS WERE OBTAINED FOR 300 FEMALES AND 117 MALES. TWO 
FORMS OF THE SCHOLASTIC APTITUDE TEST (SAT) WERE THE 
CONVERGENT THINKING MEASURES. TWO IMAGINATIVE ESSAYS AND 
ACADEMIC GRADES WERE THE CRITERIA OF CREATIVITY AND 
ACHIEVEMENT, RESPECT J VELY. THE DIVERGENT THINKING MEASURES, 

ALL SEMANTIC IN NATURE, WERE "WORD MEANINGS," "ANAGRAM" 

(SCORED FOR FLUENCY AND UNCOMMONNESS OF RESPONSES) , "PLOT 
TITLES" (SCORED FOR QUALITY AND FLUENCY), "USES" (SCORED FOR 

fluency and flexibility), and "consequences" (scored the 
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PREDICTORS, (1) ARE BETTER THAN CONVERGENT THINKING TESTS 
(SAT) AS MEASURES OF CREATIVE PERFORMANCE, AND (2) ARE NOT 
BETTER THAN CONVERGENT THINKING TESTS AS PREDICTORS OF 
ACADEMIC ACHIEVEMENT. (AL) 
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Divergent thinking tests, which measure the ability to produce di- 
verse responses to problems that have no single answer, and conventional 
tests of convergent thinking were compared to determine whether the two 
types of tests represented mere than one domain of aptitude. 

Five semantic-content tasks yielded nine divergent thinking scores 
under test conditions. Subjects were 417 college sophomores. SAT-V and 
5AT-M were the convergent chinking measures. Two imaginative essays and 
academic grades were the criteria of creativity and achievement, respectively. 
Statistical procedures included factor analysis and multiple regression 
analysis. 

No consistent sex differences were found for the divergent thinking 
scores. Six divergent thinking variables formed a cluster distinct from 
the SATs* Fluency (quantity) scores were more consistently intercorrelated 
than were scores for flexibility, cleverness, and uncommonness of responses. 
In combination, but not when taken individually, the divergent thinking 
measures excelled the SAT s as predictors of essay writing performance. 

The SATs were superior to the combined divergent thinking variables as 
predictors of academic achievement. Adding SATs to divergent thinking 
variables improved prediction of essay scores and of one achievement 

criterion. Social Science grades. 

It was concluded that there are semantic divergent thinking and 
convergent thinking tests that measure different aspects of intellectual 
. aptitude. The former are more closely related to judged creative verbal 
perfor man ce, the latter to success in conventional academic programs. 
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CHAPTER I 

STATEMENT AND DEFINITION OF THE PROBIEM 



Stfttaagnt of the problem 

Everyone agrees that "creativity* is important, but there is 
little agreement about what it is, how it is distributed, or how it 
should be studied* Yamamoto (1965) used the metaphor of the blind 
men and the elephant to describe the current state of creativity 
research* McNemar (1964, p*8?6) also found this field to be chaotic, 
and commented, "The definition of creativity is confounded by the 
diversity of subareas within the field, the criterion problems are 
far from licked, and so little is known about the creative process 
that measuring instruments are, seemingly, chosen on a trial-and- 
error basis*" 

* 

No doubt, these observations are valid, but the problems are not 
impossible to resolve* Creativity research that has the purpose of 
clarifying basic concepts and relationships should help to reduce the 
confusion and controversy* The present study aims to contribute to 
better understanding by dealing with some of the most basic, y** 
persistent, questions in creativity research: What is the nature of 
relationships of "creativity tests" to each other, to judged creative 
performance, and to conventional measures of aptitude? How useful are 
"creativity tests" for predicting academic achievement? Are there any 
important sex differences in performance on these tests? 



1 






2 



Definition of terms 

This study aims to provide evidence that is pertineht to the 
questions raised in the preceding paragraph. In reporting this 
study the following def initials will prevail: 

Creativity: The definition given by Drevdahl (1956, p. 22) 
conveys the essential meaning of the concept as it was used in the 
present study. Described by its author as "a distillation of the 
vtnoas aeiamtlons tnat nave been proposed in the literature** , it 
reads as follows: 

Creativity is the capacity of persons to produce 
compositions, products, or ideas of any sort which are 
essentially new or novel, and previously unknown to the 
producer. It can be imaginative activity, or thought 
synthesis, where the product is not a mere summation. 

It may involve the forming of new patterns and combine - 
tions of information derived from past experience, and 
the transplanting of old relationships to new situations 
asid may involve the generation of new correlates. It 
must be purposeful or goal directed, not mere idle 
fantasy— although, it need not have immediate practical 
application or be a perfect and complete product. It 
may take the fora of an artistic, literary, or scientific 
production or may be of a procedural or methodological 
nature. 

Divergent Thinking : Introduced into the literature by Guilford 
(1959, p. 381) and described as one cf the basic types of intellectual 
operations in his system of factors that comprise the "structure of 
intellect**, divergent thinking is defined as "the kind that goes off 
in different directions. It makes possible changes of direction in 
problem solving and also leads to a diversity of answers, where more 
than one answer may be acceptable." 

Convergent Thinking : Also named by Guilford (1959, p. 376) and 
included as a basic type of intellectual operation in the "structure 
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of intellect", convergent thinking consists of the abilities involved 

1 

in arriving at the one correct answer or solution to a problem* 
Conventional tests of aptitude and achievement consist almost 
exclusively of this kind of item. 

Previous related work 

In their survey of tests of creativity, Taylor and Holland (1962) 
opened the report with the comment, "Research knowledge about creativ- 
ity is scanty*" They referred to the recency of intensive research 
in the field, for it is only in the last dozen years that any but 
sporadic efforts have been made in the application of psychometrics 
to the problem of identifying, understanding, and predicting creativi- 
ty* The usual approach had been to study single variables,, often 

* 

measures of intelligence, as they relate to creative productivity* 

The work of Guilford, made feasible by the availability of high-speed 
computers, culminated in his multi-factorial conception of the 
"Structure of Intellect", perhaps a milestone in the history of this 
topic (Guilford, 1959) • An immediate consequence of the new view of 
intellect was a renewal of interest in studying various manifestations 
of intellectual processes, aided now by the wide availability of 
computers that handle multivariate data economically* The group of 
factors that Guilford identified as the "divergent thinking" type of 
intellectual operation was seen as providing a worthwhile approach 
to the study of the "creative" person, process, and pr^ * v?t-- 

Contrasting with conventional tests of ability or achievement that 
require one correct answer (and measure Guilford* s "convergent thinks 
ing" type of intellectual operation), the divergent thinking type of 



test assesses the ability of the subject to produce multiple, diverse, 
uncommon, or original responses to problems that have no single, 
correct answer* 

For some users, the divergent responses were seen as correlates 
of the fluent and flexible functioning assumed to characterise creative 
performance in "real life 1 ** Others took divergence on the tests to be 
a direct measure of creativity* The divergent thinking tests are often 
called "creativity tests", but it is not always clear which of the two 
meanings is implied* Getzels and Jackson (1962), Torrance (1962), and 
Wallach and Kogan (1965) have used summed "creativity test" scores to 
identify "creative" subjects, and then proceeded to seek correlates in 
other dimensions of individual differences* This approach seems to 
some observers to short-cut the criterion problem (Thorndike, 1963$ 
KcNemar, 1964). 

Another criticism of the practice of combining creativity tests to 
form a single composite score has been made on the grounds that 
creativity measures lack sufficient equivalence to be used in this 
manner (Thorndike, 1963)* 

GetzeJ j and Jackson (1962) reported that "high«> creative" students 
achieved as well in school as did "high-intelligenoes" students, de- 
spite lower intelligence scores* For the entire sample, they found 
low correlations between creativity tests and intelligence scores, and 
higher correlations between creativity tests and verbal-content school 
achievement than between the latter and IQ* This study generated 
considerable research into the relationships between creativity, 
intelligence, and achievement (Torrance, 1962: Yamamoto, 1964; 










Cline, Richards, and Needham, 1963; Flescher, 1963)* Several 
reviews of the Getzels and Jackson publication have been critical of 
the research design and the tendency to generalize findings from a 
highly selected sample (DeMille & Merrifield, 1962; Coffman, 1963)* 

It has also been observed that, had regression effects been taken 
into account, the results would have been less "unexpected* (McNemar, 
1964). 

Wallach and Kogan (1965) reviewed the literature and found no 
basis for any claim that "creativity* and "intelligence" are terms 
that refer to different unitary psychological dimensions. They 
pointed out that the creativity indices were no more related to each 
other than to intelligence measures. From their own investigation, 
however, they reported positive results. Their creativity measures 
were relatively homogeneous, and essentially uncorrelated with 
intelligence. It is their contention that the method of measuring 
creativity has been Incorrect in previous studies. Arguing that cre- 
ative behavior is more likely to occur in a leisurely, playful, 
unstressful atmosphere, they proceeded to eliminate all "test-like" 
features from the data-gathering situation. Two assistants made 
behavioral observations and secured responses to the creativity 
measures in a relaxed, friendly, gams -like setting. There were, of 
course, no time-limits to any of the procedures . The principal investi- 
gators were critical of previous studies for failing to take into 
account the "social setting" of the data-gathering process, but seem 
less concerned with the role of the observer in the process of obtain- 
ing objective data. They were apparently satisfied, having produced 




creativity eeasure insults that ware unccntaminated by intelligence 
factors, that thoy wore measuring differences in creativity &r*i not 
something else, for no other criterion was used in the study* 

Investigations that have employed independent criteria of 
creativity have frequently used talented subjects whose creative 
productivity has been determined by peer nomination (MacKinnon, 1962), 
by supervisor ratings (Taylor, 1961), or from biographical data 
(Holland, 1961)* These studies consistently report little predictive 
value for tests of any kind* This outcome is not unexpected, however, 
when the restricted range of ability is considered* McNemar, referr- 
ing to this situation, bluntly asks, "Why do correlational studios 
under such adverse circumstances? 1 * (1964, p* 878)* 

The evidence on the existence of sex differences in performance 
on creativity tasks is inconclusive* Merrifield (1965), in a review 
of the literature, reported a study tnst found girls higher on di- 
vergent thinking tests, but lowsr than boys on tests of convergent 
thinking* He consented, "This result is consistent with findings of 
many other investigators"* However, Locke (1963), Piers, Daniels, and 
Quackenbush (i960), and Smith and Neisworth (1966) found sax to be an 
unimportant variable for most of the measures employed* 

The present study 

This investigation attempts to avoid some limitations of previous 
studies in terms of sample selection* It also attempts to determine 
the degree of independence of several divergent thinking variables, 
and to compare divergent and convergent thinking tests as predictors 
of judged creativity and as predict ers of academic achievement* 




The data wear© collected unde? "test” conditions* The research 
procedures were designed to test these hypotheses: 

1# Sex differences in divergen t thinking ake unimportant * 

Two sources of evidence lead to opposite expectations of per- 

f 

foraance of sales and females on tasks of tha divergent thinking 
kind* The first is the frequent finding that females out-perform 
sales on tests th&t are loaded on verbal factors* If the divergent 
thinking tests that are u^ed are also verbal, then female superiority 
would be suggested* The second line of evidence coses from research 
on behavior in structured compared with unstructured situations* 

Vetkin* s work (1962) suggests that the greater "field independence* 
of male subjects would provide an advantage for males over females in 
responding to divergent thinking tasks, because minimal structure is 
offered* Tho direct evidence on Sex differences in divergent thinking 
is equivocal, but this may be due to the tendency for investigators 
to use nixed batteries of verbal and non-verbal tests* All divergent 
thinking tests in the present study are verbal (semantic) in nature, 
therefore the influences favoring either sex are maximized* Under 
this condition it was expected that any differential advantages would 
balance, and that no important sex differences would be found* 

2* Divergent thinking tests share more common vari a nce with each 
other than with conventional measures of convergent thinking . 

The question raised here is whether there are two distinct 
domains of intellectual functioning, represented by conventional 
ability measures on the one hand, and divergent ability measures on the 
other* If this difference does, in fact, exist, then there should be 



found little overlap between the two typos of Measures, as indicated 
by low inter correlations, and by little shared variance on criterion 
variables* The alternative situation would imply that divergent and 
convergent thinking tests are simply different weans of measuring the 
same intellectual dimension, in which case the shared variance would 
be as great between the two methods as it is between the measures of 
either method* 

3* Divergent thinking tests are equivalent measures of a 
presumed unitary intellectual trait * 

Without reference to the degree of independence of divergent 
t h i nkin g tests from convergent thinking tests, which is considered in 
the previous hypothesis, the interchangeability of divergent thinkii£ 
test3 may be determined. All of the divergent tests used in the 
present study are semantic in content, therefore homogeneity in 
factor-structure is more likely than would be the case if non-semantic 
tests were included* The differences in mathods of gathering data 
(tasks) and in the responses that are scored (fluency, flexibility, 
cleverness) could conceivably produce evidence of several factors 
underlying the variables, or, to the contrary, one "divergent- semantic" 
factor that is assessed in various ways might emerge* An outcome more 
nearly approaching the latter situation is anticipated, on the basis 
that a fair degree of intra-individual consistency in behavior is 
more likely than couplet© inconsistency, where the criterion behavior 
ie the tendency to make responses* It is also expected that the number 
of responses produced will be positively correlated with the variety 
and novelty of the responses, at least to a aedbrate degree* This 



relationship has been established in the work of Osborn (1957 ) * and 
Paraes (1961)* 

4* Divergent thinking tests are better predictors of creative 
writing performance than are convergent thinking tests * 

It was assumed that the divergent thinking tests would correlate 
with creative essay writing more closely than would the convergent 
thinking tests because of the apparent greater number of common 
elements in the former relationship* In both divergent tests and 
creative writing tasks responses must be produced by the subject, and 
a premium is placed upon one or more of the following features of the 
responses: fluency, flexibility, uncommonness, appropriateness, and 
transformation of the material* None of these response character* 
istics is found in conventional tests of convergent thinking* In the 
letter, the requirement is to select or produce the single response 
that has been keyed as "correct**, given a problem situation* 

5* Divergent thinking tests are better predictors of academic 
course grades than are convergent thinking tests * 

The Getzels and Jackson study (1962) is the source of this 
hypothesis. They reported higher correlations between divergent 
thinking tests and school achievement than between standard intelli- 
gence tests and school achievement* The purpose of the present study 
is to test the generality of their results* 

The present investigation was intended, then, to provide evidence 
of the degree to which divergent thinking tests are equivalent measures 
of an intellectual domain that is independent of that measured by 
conventional aptitude tests; to determine the validity of divergent 
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t h i nkin g tests as predictors of judged creative performance and of 
aoadaaio aefcievewent; and to assess the iopartanee of sox differences 
in divergent thinking* 







CHAPTER n 



METHOD 



Subjects 

For the purpose of providing evidence relevant to the hypotheses 
that guided this study, all students in a General Psychology course 
were tested, and complete records were obtained for 300 females and 
117 males* The sex ratio of the sample is a ' milur to that of the 
entire institution, which is a New England state college* These 
students are 'representative of a wide middle band of college students 
in general, in terms of socioeconomic status, scholastic aptitude, 
and secondary school academic record* Highly exceptional individuals, 
who may be found in numbers in the most selective and unselective 
colleges, are practically absent from this sample. 

Measures 

Divergent thinking tasks * 

Anagram * The subjects had six minutes to write as many 
xords as they could sake out of the test word GENERATION* An example, 
was given to Insure that everyone knsv the rules of the game* 

Plot Titles . Two plots were presented and a total of six 
minutes allowed for writing of titles. Subjects were encouraged to 
use their imagination. 

Uses* The names of five common objects were given, along 
with a common and uncommon use for each* The subjects were to list 
as many additional uses as they could in ten minutes* 
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Word Meanings * Ten words that have multiple dictionary 
definitions were exposed at one minute intervals on a screen, the 
subjects being asked to write as many different meanings as they 
could for each word* One example was given* 

Consequences* Mutation in human structure was described and 
the subjects were asked to list as many immediate and long-range con- 
sequences as they could imagine* Time limit was five minutes* 

Creative writing tasks * Two ten minute essays were written in 
class without advance preparation* The stimulus for the first was a 
Polaroid reproduction of Thematic Apperception Test card #1, the boy 
and the violin, which was projected on a large screen* Preceding* the 
picture, these instructions appeared for one minute: 

Ibis is a test of your creative imagination* You 
shall be shown a picture on the screen and you are 
to make up a story or plot for which it might be 
used as an illustration* Tell what led up to this 
situation, what is being thought or felt, and what 
will be the outcome* Do your very best* Be creative* 

The picture was then shown and remained in view for the entire ten 

minutes* After the picture appeared the same instructions were given 

verbally* 

The stimulus for the second essay was a brief description of the 
plot of Hawthorne *s story, '"The Minister's Blaok Veil"* This had been 
used by Murray (1938) in studying oreative writing ability, those 
subjects being tested individually in a forty-five minute session* 

The following instructions, essentially similar to those in that 
earlier study, were given verbally and repeated once: 




Th© Ministar’s Black Veil 



This story by Hawthorne is laid in the last century- 
The central idea is that a sinister* after many yea r» with 
his congregation, appears in the pulpit one Sunday morning 
wearing a black veil over his face, and thereafter for a 
long time is never seen without it. 

It would be Interesting if you would take this idea 
as tha nucleus of a story of your own. You nay develop 
it in any way you please and make any modifications you 
desire* As your story will be scored on the basis of its 
literary value you nust try to make At as good as possible* 

You will have ten minutes to write your "short-short" 
story* Use your imagination! 

Convergent thinking tests * Scores were available for all subjects 
on the jcholastic Aptitude Test (SAT-V and SAT-M)* 

Academic achievement * Grades in academic subjects and over-all 
grade point average were obtained from the college Registrar’s records 
Every student in the sample had completed at least one semester of 
English Composition, Social Science, Science, Mathematics, and 

i 

Psychology* The recorded letter grade was used as the measure of 
achievement* Where mere than one semester course had been completed 
in a subject, an average grade was determined* Letter grades of 
A, B, C, D and F were transformed to a five-point numeral scale* The 
grade point average for three semesters vus recorded for each student 
as the measure of over-all acaderic achievement* 

Procedure 



Test administration * The course met three times weekly in three 
large sections* The investigator had sole responsibility for the 
lectures during the part of the semester when the tests were adminis- 
tered. On testing days all sections took the saras tests* Anagram and 
i r-: aere done one class period, Uses and Word Meanings in another. 
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Plot Titles in a third, and Veil in a fourth period. Total testing 

time was 57 minutes and total class time required about 75 minutes. 

There was complete cooperation by the subjects, who informally 

reported they found the tests "interesting" and "challenging," It 

was stressed that success in the course was in no way related to 

performance on the tests. No effort was made to disguise the nature 

of the tests, and the subjects were urged to use thier imagination in 

<• 

responding. 

Scoring of Divergent Thinking tests . Two scores were obtained 
for each of these tests: Anagram, Plot Titles, Uses, and Consequences, 
The first score for each was the number of acceptable responses: a 
measure of fluency or sheer quantity of production, without regard to 
quality. 

The se^nd score for each of these tests was derived in the 
following way: On the basis of a frequency count the Anagram words 
were rated for uncommonness on a three point scale. Words fouad by 
ten percent or more of the subjects received one point, an additional 
point was given words found by less than ten percent but more than 
two percent of the subjects, and a third point was awarded those 
produced by no more than two percent of the subjects. The sum of 
these points for all words constituted the Anagram Uncommon score. 

Three judges, working independently, rated all of the Plot Titles 
for cleverness. The titles had been typed on individual strips of 
index card to remove them from the context of other titles produced by 
the sene subject. They were then placed by the judges In piles of 
Non-Clever and Clever titles. Five judges row rated the Clever titles 
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for quality on a throe -point scale* Bach of these titles had already 
been selected as Clever, so they were all given one point as Clever 
titles* Agreement among three of the Judges was required for final 
rating as Very Clever (two points), and by two judges for Most Clever 
rating (three points)* Using a check list of titles with quality 
point ratings assigned, the answer sheets were then scored on a scale 
of 0-3 for the cleverness of each title* Any title on the answer 
sheets that was not on the check list of titles rated as Clever, 
received zero (0) points for quality* The sum of these points for 
both plots was the subjects Plot Titles Quality Score* 

Responses to the Uses test were scored for the number of differ- 
ent classes of use given for each object* Two scorers, using a pre- 
pared check sheet, tallied the number of categories represented by 
the responses to each item* These were summed to provide the Uses 
Flexibility score* 

Consequences was scored the same way as Uses, thus providing a 
second measure of flexibility* An attempt to rate the responses for 
immediacy versus remoteness of consequence was abandoned due to lack 
of rater agreement on differentiating criteria* 

Only one score was obtained for Word Meanings when it was found 
that acceptable responses were almost invariably in different cate- 
gories of meaning* Some subjects free-associjated to the stimulus 
words, producing numerous responses that could neither be categorized 
as alternate meanings nor counted as fluency in this context* The 
single score represents the ability to produce a variety of definitions 
of words, a measure of Ideational Fluency* 
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Scoring of Creative Writing samples * Four judges independently 
read each essay* One male and one female were college instructors of 
English Composition, the others were a female elementary school 
teacher and a male Psychologist* The protocols were assembled in 
batches of approximately one hundred and reading was done at the 
convenience of the judge, who was asked to read each batch in one 
sitting, spending no more than one minute on each protocol* This had 
been found to be sufficient time for reading somewhat longer essays 
(MeColly & Remstad, 1963), and proved ample for these judges* When 
batches were exchanged the protocols were randomized informally* No 
marks were made on the papers, ratings being recorded on a separate 
sheet by code number of the essay, and no judge saw the ratings of 
any other judge* 

The following instructions were given to the judges: 

A four point scale will be used in judging quality* 

We are not interested in spelling, punctuation, and 
grammar, except as misuse may obscure meaning* 

These stories were written in ten minutes, there- 
fore there was little time for correction, much 
less re-writing* 

Essentially we are looking for differences in 
ability to deal with an ambiguous stimulus in an 
imaginative way* An important requirement is 
that a story be told or a plot developed* The 
time element is also important; past, present, 
and future must be alluded to* 

Since this is considered to be a measure of " creative 
expression", development of plot and/or character, 
originality, organization, fluency, humor, surprise, 
and elaboration provide criteria of quality* 

As a basic set of guidelines, the following scoring 
categories are suggested: 1 

1 This scoring system was used by Meadow and Parnes for assessing the 
originality of TAT protocols (1959)* 
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1 point--- description or bare story 

2 points— story with some elaboration of plot 

and/or character 

j pwj.iii/3— o«uao «i s pxus goon org«ru9«^uu wr 

originality 

4 points— story with unusual imaginative elaboration 
No suggestion was made concerning frequency distribution of 
ratings* The judges differed in leniency* and their agreement on the 
quality of the protocols is expressed by the average inter-rater 
reliability coefficient of *54, over a range from c48 to *67* The 
reliability of the summed ratings of all four judges* determined by 
the Spearman-Brown formula* was *83 for TAT and *82 for Veil* 

Data Analysis * The data were entered on IBM cards and the 
IBM 7040 computer at the University of Connecticut computer center was 
used for all analyses* 

This study utilizes college students as subjects and seeks to 
determine the relationship between their responses on several tests of 
divergent thinking and their performance on creative writing tasks* It 
also seeks to determine the relationship of divergent thinking test 
performance to college success* as measured by grades in certain 
academic subjects* and by over-all Grade Point Average* The utility 
of the SAT-Verbal and SAT-Math tests for predicting both creative 
writing performance and college grades will be compared with that of 
the divergent thinking tests* Interrelationships of all of the 
variables will be determined by analytical statistical methods* 
including multiple regression procedures and factor analysis* 



2 Increasing the number of judges has the same effect as a proportional 
increase in the length of a test* (Guilford* 19 65* P*466)* 



For convenience and clarity of exposition the results of the 
investigation are presented in this chapter in five sections, each 
of which I? principally concerned with one of the hypotheses that 
guided the research* 

I* The hypothesis that sex differences in divergent thinking ability 
are unimportant was investigated by testing the significance of 
differences between male and female performances on divergent thinking 
variables, in terms of both mean scores and relative frequency of 
production of "best” performances* 

Table 1 presents data that compares mean performances of males and 
females on the divergent thinking variables* Sex differences are sig- 
nificant in only one comparisons the females produced more Anagram 
responses* Use of SAT-V as a covariate, to control for initial sex 
differences in verbal ability, resulted in one change in the findings 
of Table 1* Under this condition the males exceeded the females in 
production of Word Meanings, at the *05 level of signif icance • 

In Table 2 the sex comparison focuses on uncowon rather than 
average performances* The frequency of males and females as producers 
of seores above the 10th decile for the total sample is shown* Males 




TABLE 1 



COMPARISON OF MALE AND FEMALE MEAN SCORES ON 
DIVERGENT AND CONVERGENT THINKING VARIABLES 



Male Female 



Variable [ 


M 


SD 


M 


SD 


t 


l 

Anagram Fluency 


25*64 


8.77 


29.67 


7.77 


4.85 c 


Anagram Uncommon 


3*74 


3.20 


4.12 


3.23 


1.08 


Plot Titles Fluency 


7**7 


3*05 


7*43 


2.89 


.07 


Plot Titles Quality 


1.85 


2.5? 


1.52 


1.81 


1.24 


Uses Fluency 


14.58 


4.07 


14.36 


4.60 


.48 


l Tr ies Quality 


13*03 


3.60 


12.63 


3.67 


1.01 


Consequences Fluency 


6-35 


2=31 


6=41 

i 


2.07 


.24 


Consequences Quality 


3*12 


1,05 


3.11 


1.12 


.03 


Word Meanings 


27*77 


5.21 


27.07 


4.27 


1.30 


SAT-Verbal 


469.22 


77.91 


487.51 


77.30 


2.15* 


SAT-Math 


496.39 


75.96 


472,65 


74.83 


2.85k 



Note. - SAT-Verbal and SAT-Math are the convergent thinking 
variables. 

df = 415; Male N = 117; Female N = 300 

* P<.05 
b p^oi 
6 P<.001 
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COMPARISON OF PREQUBBCT OF KU£ AND FEMALE SCORES ABOVE THE 
10TH DBCUE OF TOTAL SAMPIE ON DIVERGBHT THIHCNS VARIABIES 



Variable 


Observed Frequency 


<1* 




this 


Female 




Anagram Fluency 


8 


34 


1.860 


Anagram Uncommon 


13 


29 


*116 


Plot Titles Fluency 


15 


27 


1.050 


Plot Titles Quality 


16 


26 


1.860 


Uses Fluency 


12 


30 


•000 


Uses Quality 


15 


27 


1.050 


Consequences Fluency 


13 


29 


.116 


Consequences Quality 


11 


31 


.116 


Word Meanings 


19 


23 


5.710* 


Note* - Expected frequency 


Male = 12, 


Female *' 30; 



df = 1 

* .05>p>.01 
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are significantly over-represented on Word Mstnings and females are 

- - j _ __ L. S A.l_i _ -• _ n _ M- .i.1 ^ m ^^1 (W 

unavr-ryprooentea on \>nxs virmuie • no ounce (uuojouwo «& *w 0*5*1***— 

cant 9 including that for Anagram Fluency* 

In thes# results the sexes do not differ significantly either in 
average performance or in production of the best performances, except 
for the Anagram Fluency and Word Meanings variables* With these 
restrictions, then, the hypothesis, that any sex differences in 
divergent thinking are unimportant, may be accepted* 

U* The hypothesis that divergent thinking testa share more common 
variance vith each other than with conventional measures of .convergent 
thinking mas investigated by subjective examination of inter-correla- 
tions between the variables, by factor analysis, and by multiple 
regression analysis* 

This hypothesis postulated the independence of divergent thinking 
scores from conventional convergent thinking scores* One way of 
demonstrating this situation would be to show clustering of inter- 
correlated variables in two discrete groups, with high correlations 
within but low correlations between the groups* Another msthsd would 
be to factor-analyze the correlation matrix and show low common-factor 
loadings and high unique-factor loadings for the two kinds of tests* 

A third app* aoh would be to demonstrate that specific criteria would 
be predicted significantly more accurately when the two kinds of tests 
were combined as predictors than when either type of test is used 
alone* This last method would, by using a criterion, provide evidence 
of shared factors in the predictors* In this situation, the use of 
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several different criteria would have the added advantage of permitting 
evaluation of the predictive validity of divergent thinking variables , 
a natter on which there is little information* The results of the 
subjective cluster analysis, factor analysis, and multiple regression 
methods of examining evidence pertinent to the hypothesis are 
described in the following sections* 

(a) Subjective cluster analysis 

The clustering of interrelated divergent and convergent think- 
ing variables in tbe total sample is shown in Table 3* Cluster A 
consists exclusively of divergent thinking (DT) variables, and 
triangle B is a cluster of certain DT and convergent thinking (CT) 
variables* Word Meanings is the key variable that ties clusters A 
and B together* It belongs with A as well as B, but was separated 
from the foraer in order to show clearly the clustering of triangle B* 
Plot Titles Quality is more closely associated with the variables of 
cluster A than with those of cluster B* 

Among cluster A variables, only Consequences Fluency correlates 
with any cluster B variable at the *01 level of significance* Thus 
there are two clearly defined groups of variables* In addition there 
is one variable that belongs with both groups and One that is mainly 
associated with cluster A* 

In Tables 4 and 5 analysis of the male and female sample inter- 
correlations reveals a cluster of variables Identical to cluster A of 
Table 3» Word Meanings correlates with all variables except Plot 

Titles in the female sample, and is just short of significant correla- 
tion with SAT-M in the male sample* 
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INTEKGQRRELAT10N5 OF DIVERGENT THINKING AND CONVERGENT 

THINKING VARXABIES FOR TOTAL SAMPIE* ARRANGED TO SHOW CLUSTERS 

* 

( N = 417) 



Plot Titles Fluency 1 

Uses Fluency 2 

Uses Flexibility 3 

Consequences Fluency 4 

Consequences Flexibility 5 
Plot Titlos Quality 
Word Meanings 
Anagram Uncommon 
Anagram Fluency 
SATW 
SATWM 



3456789 10 



Cluster A 





6 


16 


n 


17 


17 


08 








7 


20 


30 


31 


29 


16 


13 






8 


11 


08 


10 


10 


08 


15 


2^ 


\ClUster 


9 


07 


02 


03 


17 


10 


09 


21 


62\. 


10 


-01 


05 


08 


14 


10 


08 


41 


20 lK 


u 


-06 


01 


Cl 


10 


09 


06 


19 


17 17 ?: 



Note* - Decimals are omitted* Correlations of *10 and *13 
are required for significance at the *05 and *01 levels* 
respectively* 

SAW and SAT-M are the convergent thinking 

variables'* 
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<PABTC iL 

IN1ERCCRPELATT0NS OP DIVERGENT THINKING AND CONVERGENT 
THINKING VARIABLES FOR HALE SAMPLE, ARRANGED TO SHOW CLUSTERS 

<N * 117) 



Plat Titles Fluency 
Uses Fluency 
Uses Flexibility 
Consequences Fluency 



1 

2 

3 

4 



Consequences Flexibility 5 



3 4 5 6 7 8 9 10 



Cluster* A 




Plot Titles Quality 


6 


14 


17 


23 


27 


08 










Word Meanings 


7 


29 


33 


34 


35 


24 


21 s 








Anagram Uncommon 


8 


15 


05 


0? 


13 


05 


27 


37 s 




Cluster B 


Anagram Fluency 


9 


14 


05 


08 


18 


04 


22 


34 


69 




SAT-V 


10 


01 


01 


04 


22 


15 


09 


4? 


21 


2l\ 


SAT-M 


11 


-10 


03 


02 


00 


14 


04 


17 


09 


12 28 



Note* - Decimals are omitted* Correlations of *18 and *24 
are required for significance at the *05 and *01 levels, 
respectively* 

SA^WT AndcSAT-X are the convergent thinking 

variables* 
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TABLE 5 

^CORRELATIONS CP DIVERGENT THINKING AND CONVERGENT 
THINKING VARIABLES FOR FEMALE SAMPLE, ARRANGED TO SHOW CLUSTERS 

(N = 300 ) 





1 


2 


3 


4 


5 


6 


7 


8 


9 10 


1 


















1 


2 


3c 
























Cluster 


A 










3 


3c 


93 
















4 


28 


36 


33 s 














5 


12 


22 


19 


55 












6 


17 


09 


-15 


12 


09 










7 


-02 


07 


10 


10 


08 


10 








8 


16 


29 


30 


26 


13 


07 


39 s 






















\Cluster B 


9 


09 


10 


11 


09 


10 


09 


17 


23N 




10 


-04 


-04 


00 


15 


07 


07 


i 37 


20 


2^ 


11 


04 


02 


03 


17 


12 


04 


06 


17 


60 2^\ 



Note. - Decimals are omitted. Correlations of *11 and .15 
are required for significance at the .05 and .01 levels, 
respectively, 

SAT-V and SAT-M are the convergent thinking 

variables 







Cluster B consists of two overlapping groups of variables in both 
Bale am remale samples* its composition differs, however, in the two 
sexes* The basic difference is in the roles of Plot Titles Quality and 
SAT-M. In Table 4, Plot Titles is one of the B sub-clusters, and 
SAT-M is not included* Table 5» for “*he female sample, shows the re- 
verse of that situation* 

Essentially, the Anagram measures are consistently more closely 
related to the CT than to the DT variables, while the remaining DT 
variables are more related to each other, with the exception of Word 
Meanings arid, in the male sample only. Plot Titles* The hypothesis 
receives su port in the sense that homogeneous divergent thinking 
variables that are practically unrelated to convergent thinking ability 
aay be found* However, it may not be assumed that any task that 
encourages the production of divergent responses belongs with the DT 
group more than with CT variables* 

(b) Factor analysis 

In order to provide more objective evidence on the relation- 
ship of divergent thinking variables to each other and to convergent 
thinking measures, a formal factor analysis was undertaken* The 
computer program performed a Principal Components factor analysis, and 
also a Varimtx rotation of the principal axes* Complete data resulting 

from both procedures appears in the Appendix* The abbreviated material 

•r 

that co. ititutes Tables 6, 7 9 and 8 in this section presents only those 
factor leadings that exceed *300, in order to show most clearly the 

■t 

pattern of "significant* factor loadings. The *300 oriterio? was 
chosen as the lowest level for inclusion of loadings of variables 
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TABLE 6 

PRINCIPAL FACTOR PATTERN FOR 1'IVERGENT THINKING 
AND CONVERGENT THINKING VARIABLES IN THE TOTAL SAMPLE 

(N = 417) 



Factors 



Variable 


I 


n 1 


m 


IV 


V 


VI 


Uses Flexibility 


761 


.433 




-318 






Uses Fluency 


754 


-470 










Consequences Fluency 


6?1 S 






515 






Word Meanings 


; 606 i 

1 










416 


Plot Titles Fluency 


531 










341 


Consequences Flexibility 


509 






689 






Anagram Uncommon 


410 


618 


-491 








Anagram Fluency 


356 


619 


-510 








SAT-V 


343 


488 


517 








Plot Titles Quality 


325 








-9U 




SAT-M 




504 


447 






-529 



$ 



Note. - Only loadings greater than *300 are Included 
and the decimal points have been omitted* 

The six components account for 3l«.l per cent 
of the total variance in the battery ef eleven variables* 
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TABLE 7 

PRINCIPAL FACTOR PATTERN FOR DIVERGENT THINKING 
AND CONVERGENT THINKING VARIABLES IN THE MALE SAMPLE 

(N = 117) 



Factors 



Variable 


I 


II 


m 


IV 


V 


VI 


Uses Flexibility 


74? 


-469 




377 






Uses Fluency 


731 


-499 




392 






Consequences Fluency 


698 






-462 






Word Meanings 


680 


305 








346 


Plot Titles Fluency 


57 9 












Consequences Flexibility 


557 




391 


-454 




-349 


Anagram Uncommon 


450 


672 


-363 








Anagram Fluency 


445 


637 


-359 


1 




-314 


Plot Titles Quality 


413 




-303 




-782 




SATMT 


374 


503 


498 






436 


SA®-M 




325 


622 


429 




-394 




Note* - Only loadings greater than *300 are included 
and the decimal points have been omitted* 

The six components account Ter 83*7 per cent 
of tho total variance in the battery of eleven variables* 






mm 






MSP 



mm 



















TABLE 8 



PRINCIPAL FACTOR PATTERN FOR DIVERGENT TH INKING AND 



CONVERGENT TE 



Hfi:» 



NG VARIABI£S IN THE FEMAIE SAMPLE 



(N = 300) 



Factors 



Variable 


I 


n 


in 


IV 


V 


Uses Flexibility 


766 


-433 








Use 3 Fluency 


764 


-467 








Consequences Fluency 


655 






545 




Word Meanings 


573 




-375 






Plot Titles Fluency 


505 


-317 








Consequences Flexibility 


488 






698 




Anagram Uncommon 


404 


589 

451 

to 


387 


-360 




SAT-V t 


341 


*649 






Anagram Fluency 


340 


612 


526 






Plot Titles Quality 










-915 


SATUM 




599 

i 


-302 







Note* - Only loadings greater than *300 are included 
and the decimal points have been omitted* 

The five components account for 65*4 per cent 
of the total variance in the battery of eleven variables* 












on the factors because of its wide acceptance as a fair estimate of 
significance » There are no exact statistics that delineate the error 

i 

distribution of factor loadings; therefor® a H ruIe~or°tnumb" procedure 
is generally followed* Consideration was given to the method advanced 
by Harman (I960, p* 177) in which the average intercorrelation of the 
variables as well as the sample N are involved in producing an 
estimate of the standard error of factor loadings* But Hannan’s 
method was judged to be too lenient whan it was found that, for the 
total sample N of 41?, with an average intercom* la tion of *19» load- 
ings cf as small a value as *180 would be significant at the *05 level* 

In view of the present intention of merely displaying the diff- 
erentiated factor patterns in a convenient fora, it was decided that 
the risk cf an error of the second kind would be the better choice* 

Comparison of Tables 6, ?, and 8 with Tables 3* **» and 5 reveals 
the commensurate relations of the forml factor analyses with the more 
subjective '’correlation cluster inspection** approach* In Tables 6, 7* 
and 8 the rank order of the first seven variables for loading on 
Factor I is Identical in all samples, and Includes the five variables 
that constitute Cluster A of Tables 3, 4, and 5* Word Meanings is 
again seen to be closely related to the "cluster A** variables, while 
Anagrams, as well as the SATs, show low relationship with the remaining 
variables* 

The Variraax Factor Patterns shown in Tables 9, 10, and 11 represent 
the "simplest" factor structure of the DT and CT variables, and result 
from the dotation cf the principal axes to planes that are maximally 
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